Abstract. The present study evaluated the efficacy and safety of TJ-54 (Yokukansan; a traditional Japanese medicine) for the prevention and/or treatment of postoperative delirium in a randomized phase II trial of patients receiving surgery for gastrointestinal and lung malignancies. Patients ≥70 years of age who underwent surgery for gastrointestinal or lung malignancy were eligible for participation in the study. The 186 eligible patients were randomly assigned at a 1:1 ratio to receive TJ-54 or control during their peri-operative care (between 7 days prior to surgery and 4 days following surgery, except for the operation day). The signs and symptoms of delirium were assessed using the Diagnostic and Statistical Manual of Mental Disorders-IV by the investigator during the peri-operative period. A total of 186 eligible gastrointestinal or lung malignancy patients were analyzed (93, TJ-54; 93, control). There were no marked differences between the two randomized groups. The incidence of delirium was 6.5% (6 patients) in the TJ-54 group and 9.7% (9 patients) in the control group, with no significant difference (P= 0.419). However, of the patients categorized with a mini-mental state examination (MMSE) score of ≤26, the incidence of postoperative delirium was 9.1% in the TJ-54 group and 26.9% in the control group [risk ratio, 0.338; 95% confidence interval (0.078-1.462), P= 0.115]. Treatment with TJ-54 reduced the incidence of postoperative delirium compared with the control group. Although TJ-54 did not demonstrate any contribution to preventing or treating postoperative delirium in patients following surgery for gastrointestinal or lung malignancy, TJ-54 reduced the risk of postoperative delirium in the patients who were classified as MMSE ≤26. Further phase III studies with a larger sample size are required in order to clarify the effects of TJ-54 against postoperative delirium.
Introduction
An estimated 14.1 million new cancer cases and 8.2 million cancer deaths occurred in 2012 worldwide (1) . Surgical resection is one of the major methods of treating cancer. However, the morbidity after surgery has been reported to range from 20 to 65% (2) (3) (4) . Delirium is a particularly common morbidity after surgery (5) . Postoperative delirium makes patient management much more difficult, increases costs, and causes severe discomfort to the patient (6, 7) . Delirium is also associated with increased postoperative mortality and morbidity and with delayed functional recovery (8, 9) . Although a range of interventions have been developed to prevent and treat postoperative delirium, a more rational approach is necessary.
Yokukansan (TJ-54) is a traditional Japanese herbal medicine (Kampo; granules) extracted from seven medicinal herbs (Atractylodes lancea rhizome, Poria sclerotium, Cnidium rhizome, Uncaria hook, Japanese angelica root, Bupleurum root and Glycyrrhiza). Originally used to treat neurosis, insomnia and irritability and/or agitation in infants, TJ-54 has been approved in Japan as a prescription drug (10) . The mechanisms of action of TJ-54 are as follows: i) Partial agonistic effects for 5-HT 1A receptors, ii) antagonistic effects for 5-HT 2A receptors and iii) protective effects against glutamate-induced excitatory neurotoxicity by amelioration of astrocyte dysfunction (11) (12) (13) (14) (15) . Recently, Arai et al found that TJ-54 alleviated preoperative anxiety without undesirable sedation when compared with diazepam (16) .
Given these previous clinical and biochemical study findings, in the present study, the efficacy of TJ-54 in the prevention and/or treatment of delirium was investigated in a randomized phase II clinical trial in the patients receiving surgery for gastrointestinal or lung malignancy.
Materials and methods

Study design.
A prospective, multi-institutional, randomized, phase II trial was performed in patients receiving surgery for gastrointestinal or lung malignancy in Japan. The eligible patients were centrally randomized to receive either TJ-54 or control during their perioperative care (between day 7 before surgery to day 4 after surgery, excluding the operation day). The patients were stratified according to gender, performance status before surgery, type of malignancies and institution before randomization at a 1:1 ratio.
The primary aim of the present study was to determine the efficacy and safety of TJ-54 compared with the control group. The primary endpoint was the incidence of delirium after surgery and safety. The secondary endpoints were the length of the hospital stay.
Ethics. The study data and informed consent were obtained in accordance with the Declaration of Helsinki, and the study protocol was approved by the Ethics Review Board of each institution (nine institutions participated the present study. The details were as follows: Miura City Hospital, Japanese Red Cross Hadano Hospital, International University of Health and Welfare Atami Hospital, Kanagawa Prefectural Ashigarakami Hospital, Yokohama Minami Kyosai Hospital, Hiratsuka Kyosai Hospital, Fujisawa Shonandai Hospital, Yokohama Kamishirane Hospital and Yokohama City University). All the patients were given a written explanation of the study protocol and they all provided their written informed consent before participating. This trial was registered in the University Hospital Medical Information Network (UMIN) center (ID UMIN000005423).
Inclusion and exclusion criteria. Patients ≥70 years of age who underwent surgery for gastrointestinal or lung malignancies were considered eligible for this study. All the participants were required to have an Eastern Cooperative Oncology Group performance status ≤2; to receive a mini-mental state examination (MMSE) before enrollment and to have an adequate hepatic, renal, and bone marrow function [white blood cell (WBC) count ≥3,000/mm 3 and ≤12,000/mm 3 , platelet count ≥75,000/mm 3 , GOT and GPT ≤100 U/l, total bilirubin <1.5 mg/dl, and creatinine <1.5 mg/dl]. Patients with any of the following characteristics were not eligible for the study: A history of severe hypersensitivity (allergy) to any medicine containing antiphlogistic, analgesics, opioids or steroids. Patients with serious constipation or who were pregnant or lactating were excluded from the study. Other medical conditions that rendered a patient unsuitable for inclusion in the study according to the opinion of the investigator were also considered to be exclusion criteria for this study.
Study drug. The study medication Yokukansan [Tsumura Yokukansan Extract Granules for Ethical Use; TJ-54 (Tsumura, Japan)] was administered 3 times a day (2.5 g each time, 7.5 g/day). The amount of TJ-54 could be decreased depending on the participant's condition or adverse reactions.
Study assessment. The signs and symptoms of delirium were assessed by the investigator during the perioperative period.
The Diagnostic and Statistical Manual of Mental Disorders (DSM)-IV was used to assess delirium (17) . Delirium was independently evaluated by two physicians who were previously trained on the algorithm. The time to healing of delirium was defined as the period from the date of onset of delirium to the date when the delirium symptoms disappeared. If the delirium symptoms failed to disappear within the study treatment period, observation was continued until symptom disappearance. Safety was assessed throughout the study using physical examinations, hematology and serum chemistry laboratory tests and adverse event reporting. Any adverse event, whether related or unrelated to the study drug, was reported with the date and time of onset, severity, pattern, action taken and outcome. If the adverse event was not resolved at the time the case report forms were collected, a follow-up report was provided at a later date. If no follow-up report was provided, the investigator had to provide justification. The adverse events were followed until they were either resolved or the investigator determined that the event was no longer clinically significant.
Statistical analysis. Eligible patients were randomly assigned at a 1:1 ratio to receive TJ-54 or control. After checking patient eligibility, randomization was carried out centrally at the data center using dynamic randomization with gender, performance status before surgery, type of malignancies and institution.
Assuming an incidence of delirium of 5% in the TJ-54 group and 20% in the control group, a sample size of 88 for each group was estimated to have ≥80% power under a two-sided significance level of 10%. Thus, to account for possible dropouts, a target sample size of 200 patients was required.
The risk ratios of the incidence of delirium between the groups and its 95% confidence interval (CI) were calculated. A risk ratio <1 indicated that TJ-54 was better than the control. Comparisons were made using the Chi-squared test. The baseline characteristics were compared using the Chi-squared test for categorical variables and the Wilcoxon test for continuous variables. The frequencies of adverse events were compared using the Fisher's exact test. All the P-values were two-sided. The statistical analyses were performed using the SAS software package for Windows, release 9.3 (SAS Institute, Cary, NC, USA).
Results
Patients.
Of the patients receiving surgery for gastrointestinal or lung malignancy patients, 186 provided informed consent were randomized to either the TJ-54 (n=93) or control (n=93) group. A flow diagram of the participants' progress through the study protocol is shown in Fig. 1 . The baseline demographics and disease characteristics of the per protocol set (PPS) population are shown in Table I . Male subjects comprised 64.5%, and 35.5% of the subjects were female, and the median age was 77 years (range: 70-89 years). The majority of patients (90%) had histologically confirmed gastrointestinal malignancy, and 10% had histologically confirmed lung malignancy. There were no marked differences between the two PPS randomized groups.
Surgical details and postoperative course. The median amount of bleeding was significantly less in the TJ-54 group than in the control group (P= 0.035) ( Table II) . The median duration of surgery was marginally significantly longer in the control group than in the TG-54 group (P=0.067). No marked differences were observed between the groups in terms of the postoperative course.
Incidence of delirium and postoperative course. The incidence of delirium was 6.5% (6 patients) in the TJ-54 group and 9.7% (9 patients) in the control group, and there was no significant difference between the two groups (P= 0.471). Of note, the primary endpoint was not met in this study.
The subgroup analysis of the present study is shown in Fig. 2 . Among the patients who were MMSE ≤26, the incidence of postoperative delirium was 9.1% in the TJ-54 group and 26.9% in the control group [risk ratio: 0.338; 95% CI (0.078-1.462), P= 0.115], while among the patients who were MMSE ≥27, the incidence of postoperative delirium was 6.8% in the TJ-54 group and 3.6% in the control group [risk ratio: 1.864; 95% CI (0.356-9.778), P= 0.453]. Thus, treatment with TJ-54 may reduce the incidence of postoperative delirium compared with the control group.
Safety and postoperative course. Hematological, blood biochemistry and non-hematological toxicities were analyzed (Table III) . The majority of these events were mild to moderate in severity and considered to be unrelated to the study drug. The length of the hospital stay was also similar between the TJ-54 group and the control group (16 vs. 15 days, P= 0.867).
Discussion
This randomized trial is the first evaluation of the utility of TJ-54 for preventing and/or treating postoperative delirium in patients undergoing gastrointestinal or lung malignancy surgery in a randomized phase II trial. The primary aim of this study was to prove the effects of TJ-54 in reducing the incidence of postoperative delirium. The incidence of postoperative delirium was 6.5% in the TJ-14 group and 9.7% in the control group in the overall study population. Therefore, treatment with TJ-54 did not show any obvious efficacy against postoperative delirium in patients receiving surgery for gastrointestinal and lung malignancy. Several reasons may explain why this trial did not meet its primary objective. First, TJ-54 may not actually be able to prevent and/or treat postoperative delirium. Second, the incidence of expected postoperative delirium was not observed in the control arm in the present study. Previous findings have shown that the incidence of delirium after major non-cardiovascular surgery ranged from 13 to 50% (4, 18, 19) . Given these data, we predicted an incidence of delirium of 20% in the control group. However, the present results showed that the incidence of delirium was only 9.7% in the control group. This discrepancy may be due to the following: First, the rate of postoperative delirium may have been underestimated. In the present study, the physicians checked the mental condition of all the patients at their bedside during the perioperative period and recorded the psychiatric symptoms. However, the physicians were able to detect only hyperactive delirium and could not detect hypoactive delirium, which is often misdiagnosed as depression or fatigue (7) . Second, the surgical stress, such as blood loss and operative time, was lower in our study than in previous reports. Risk factors for postoperative delirium that have been reported include increased blood loss and increased operative time (20, 21) . However, the median blood loss in our study was 67 and 136 ml, and the median operative time was 222 and 247 min, which was lower than in previous reports. Furthermore, 50% of the patients received laparoscopic or thoracspoic surgery. Generally, the surgical stresses are lower for laparoscopic or thoracspoic surgery than conventional procedures (22, 23) .
One important limitation of the present study is the lack of information for the preoperative nutrition status. Some of the patients with gastrointestinal cancer may lose their weight 
T-Bil, total-bilirubin; AST, aspartate aminotransferase; ALT, alanine aminotransferase.
before operation and nutritional status is potentially poor. Nutrition status, such as BMI or serum albumin, could affect the results. Thus, further studies taking nutrition status into consideration are necessary. However, a borderline significant difference was observed between the two groups among patients who were MMSE ≤26: the incidence of postoperative delirium was 9.1% in the TJ-54 group and 26.9% in the control group (risk ratio: 0.338; 95% CI [0.078-1.462], P= 0.453). By contrast, among the patients who were MMSE ≥27, the incidence of postoperative delirium was 6.8% in the TJ-54 group and 3.6% in the control group [risk ratio: 1.864; 95% CI (0.356-9.778), P= 0.453]. Treatment with TJ-54 reduced the incidence of postoperative delirium compared with the control group. Among the patients who were MMSE ≤26, an obvious reduction in the risk of delirium (hazard ratio 0.338) was demonstrated. As mentioned above, it was previously reported that TJ-54 exerts slight agonistic effects on 5-HT 1A receptors, antagonistic effects on 5-HT 2A receptors, and protective effects against glutamate-induced excitatory neurotoxicity by amelioration of astrocyte dysfunction. Further studies are needed to clarify the exact mechanisms underlying these observations.
In conclusion, this study showed no beneficial effects of TJ-54 in reducing the incidence of postoperative delirium as the primary endpoint. However, among patients who were MMSE ≤26, an obvious reduction in the risk of postoperative delirium (risk ratio: 0.338) was demonstrated. Further analyses may lead to a better interpretation of the study results by examining subgroups that will particularly benefit from TJ-54 treatment. A more definitive design in a future trial of TJ-54 for postoperative delirium is needed.
